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(54) VARIABLE FAST FOURIER TRANSFORMATION 
CIRCUIT 

(57) Abstract: 

PURPOSE: To make it possible to execute fast Fourier 
transformation(FFT) even when the number of FFT points 
is reduced by serially arranging divided input data 
points, inputting the serial array to a reference 
circuit for the FFT and by-passing a specific stage from 
an input part. 

CONSTITUTION: The data of an R input obtained by 
dividing FFT input data points N by R (R is a cardinal 
number) and serially arranging the divided points is 
inputted to the reference circuit constituted of a data 
rearranging circuit part 1, a twisting coefficient 
multiplying part 2 and a butterfly operation part 3. The 
reference circuit constitutes one stage and FFT is 
executed by serially arranging M (M=logRN) stages. The 
twist operation part 2 calculates a twist coefficient 
for (R-1) inputs out of R inputs. The butterfly 
operation part 3 executes crossing operation between an 
input which is not multiplied by a twist coefficient and 
an input multiplied by the twist coefficient and by- 
passes K stages (K<M) from the input part of an FFT 



circuit consisting of M stages to execute the FFT 
operation of N/RK FFT points. 

COPYRIGHT: (C)1994,JPO&Japio 



H~2 % • • • 2, 0 AAA • 
N— 1 • • • ' 3* 1 ArtB • 



sr* 




2 oMt&amsv 



09)B*a#fpfl= (jp) 



02) ^ m & it & m <v 



#H^F6- 19955 

(43) TA6^(1994) 1^28 B 



(51)IntCL" 

G 0 6 F 15/332 



A 8320-5 L 



F I 





#©¥4-175838 




000005223 










(22)asSB 


¥fiE4^a992)7 ^3B 




#^IH*;ilWt ] lSE_h/hBa^l015#» 






(72)^BJI^ 










*fr£J 1 mi 1 l**m+JSE±/hBB4H015#Hb 
















n# mm 








nm 1 llftj 1 »m t Pl!E.±/hEB<H015#ifc 
























»£JIIMJI»ffi*ISE±/hffl*1015§* 



























(54) imwv>*m ~*imm&y- >j ^&m& 



(57) 

N-efc^>iij3i^-'jx^m*fT^iiiKT*fcor, a*^ 

-^MNSN/R (ffiU RttSft) U S^fiJ^^ 

U K3t*Ei»*iai: LT. C<D«*Mfl (M= I o 
UMEU A*S»^6KS (K <M) Jy\W;Ut5C 

cticcfc^r. KfftMA<n/r, n/r2 - - - r 



(*<DO 



N-2. ■ - • 2. 0 AJfA - 
N— U - • -3, 1 A*jB- 
<a) 

K 



ft) 



r 3 




►tftfjA 



(2) $#§!¥6- 1 9 9 5 5 



im*& i ] nmt znm?- y x^& (fftj 

iKA*^— *jS»NSN/R#SJ (Rl*. Lv 
»(2) <h, /^^WiRlCffG) t^?,ifiJiW:RA 

<1 (M= I ogR N)(RI*« Sft) ItMlzae^-CM? 
K-r-^E^ElBtta) I*. ±fSA:fcx-$;5»N{::*J 

e-tffi, N/R2 (ttLfc^-^BlTf. N/ 

R3 IMifcf— *ibt? % esiMzi ogftt 

»l>*ayff»»»tt(2) I*. RA±i<7>i*30>r- ilOA 

KS ( K < M) ^A^/^X-r^ctlz^oT. -tlBJKSS 

37 — Ultft (FFT) ^ft^N/RK (DSJil^— 'Jl 

^&£frd c £ * ft«t "T* RTSEKiS^— 'J xX&g! 

n/r*2k jBWifcT 5 — y tiiLtfc^ 
t\ w^st\ fflttc&f— frost'***., tMay«a 

**i /^77-filSSft5^it\ f— *j£M»*<N 
/RK (Rf4»») C^of:^(D7-'JxM^ tt 
jfi$Uft NO "7 — 'J x^^{p]S&T*fT 3 C t t 

■r * pr»i7- y xjeshub. 

BfCfclt-S/W/^ffla-Cft-aT. fc^t\ f— $0 

ft^n*., ufeyMMMt. /<* 79^91** kjr/w 



f::fc-3fc££0:7 — yxJ6«* % S-x-^^iJSno^ 

- y x^0»T-fT5 c t «-?$®tt- & pj^^ai^— y 

AS, AS -7^;H3I£?t5 C<h&<. Rosiest 

x-T^dtr-. *jftwika6tN/RK (RfiSft) iz 
yx**Bi»-efTact««t-r*wK3Ba7-yx* 

[It^^6] ±IBir-^*><#^lHlSSa5(l) £ LTs JL 
ISN/R^flJ^tlfc^yTJU^A^x— ^ Rm<D9t 
A*t5fcaj L * U (#0. #2) (10, 1 1) (x % .tfe^t 'J x 
Xtt (FFT) (R(D1/2) *"<MMftLfc 

a*yoasa:7— yxwa cfft) mns (ro 

1/2) »a>R«(D5feA#L*ttL>%y (#1.#3) (1 
2,13) l=«MU 

WWi?*lt:ia7-yitI (FFT) jfiftNlZOl* 
T. 1 flOftAtiJfefflL^^y (#0) (10)4*6 1 OOf— 
***«ULr. RfciJ;fcO-;froai*l (A) izftUL. 

mm\z. wioiffloftAttftttL^^y (#i)02)**&i 
oof- *t»yajLr, RUj*o«:&ofcB* (b) fz 

«LVC\ HKD5feA*Lftd3L>^Ey(#2)(ll)36^1 OCD 

^Sttyauur. Rtb*cD-^a)ai* (a) fztb^j 

L. I^^fc. i(0 1 f (DftAtifttt L> ^ U (#3) (13) ^ 
£ 1 OCB-r— ££3*y tiHLT. Rttl*<7)^^<7)ai^) 

(b) i=tt*-r«-t*. ssfc«yiSLr. mm?— 
y x^jftdaiaiizi&^t-r^f-* a)ffl$^jat§niigi: 

xSftlUBo 
[0001] 

l^ffiy; !f$(c % A^jf-^^iaNlc^Lr. KA*f- 
*36<N/2 f N/4, -tM'>Lrt. M7-'JiK 
»^fT^-5Wa*^- 'J x^g|lE3ffi|c||t-^o 
[ooo2]gifico. v-f^p«iH«a)B(**^-a>»L 



(3) 9 9 5 5 



[0 0 0 3] firtf. &n&3iX1$ (CcfcoT. iS^ffi^t> 
»NA<H3:£ («;il4, 1 6-9->^'J>^IS f 8-*>^ 

y>^»^) PniM*<&y. ir*>:?y >?»N<&m£<s> 

[0004] ^gii:?— 'jxtfetii gttfcw^-'jx 
&&<Dmn&m. * m mit-r z> tc #> * titz r *\> =j y 

Xi*T?fe£o &TfcA:fc^-$&N;&<2(D^fit£tt^ 
£ Lfc*ft 2 (7>T;b=f 'J XA£-#J<>: LtRIBtS. 
[0005] yx*»«f-JM-««*. 

[0006] mi sit. tse*o)K5S^— u xKftisie^ 

f^> HI1 9(a) (Z^-To -CT?, A(4A;b£. Dtttt* 

[0 0 0 7] ttXX7— UXKMIOT^^UXAIOK 
0§:H1 9(a) ClfcUT. A* Sttfc:^-* I*. fttf) & 

I*. (Ao. A 4 )s ( A 1 , A 5) * ■ • (A 3l A-j)(D^Vt- 

■a-fM&H-aijrtmv 2®at?(*. cb 0 . b 2 k (b 1§ 

B 3 ) • • (B 5 , B?)^^. 3&£>T*I4 (C 0 . Cih 

(c 2 , c 3 ) ■ ■ (c 6 , ci)omx^ fc-r#» 

[OOO 8] Ca>«a>fttf>*f4. JilE^»2CDlg^fC 
(4. A2)^-*!fcNlc*rLT1 &g-CI4, N/2g|*lfc 

3l»a5«fTfe*L«»lc«:-B*-(f«|lt&*i*. 
[OOO 9] C<Dfc-r#»l+S«**<WEfrt)*t 

**m*. A^Sti*^— *»-eifc*y. zo)7;nf»jx 

A-C(42(D-<^^af£(t^T5C < b:fZ^^ 0 0*tj8 = 2 
3 3@*TiU4<fc^C£l::£:& 0 X. fc-T##lt 

[0010] ca>r^=fyxAt?fflt^6*i6fc-r#»i+ 
mtewp^-tmntms* m 9(b) ic^-r«& ? n 

[0 0 1 1 ] Wnk= e xp (-2^nk j/N) 
IH1 9(b) IZJSHT, fettilta»l*:0/<ji77^ 

[0 0 12] ±|B*a^— yxKUKOTiUf'JXAIco 
l*TI*. XK "Ka^-UxJt^XPT. "M7-UI 
£&(fft) ottl^. SJHt». HSFSMUJEI::* 



[0 0 13] MS. KM?— yxJMft(FFT) jB&N*< 

Tk&zt. »j6-r«asa7-yx»ai(FFT) giB*<«t/iE 

87- «JxgS»(FFT) jS»NA« % N-»N/2->N/4-> 
[0 O 1 4] 

[&*(&&*&] uraajsi 9^. yxjg 

KS:7-yx£»£fT3iaBl4?FttL-Cl***«* 
A***t*Wi«^— UXJE« (FFT) £»N<hjfctf>* 
*LTl**£S* N/2. N/4, • ■ • tA^f" * 

[OOI 5] 

[^^fi%LJ:7^t^RI] Krao)J:5l^ Ell 9 
■CBMBLfc. ffi*a>K5S7— UxJ6»*ff3BI»'CI4. 
BS7-'JI*a (FFT) &».tfNt&toZ>*l&t. 
mAjl J T—$tfN/2, N/4, ■ - - £3M>LTl*o 
fcfc#* HCBR-e. yxMfc*fT5»*t-c* 

[0 0 16] A*f-*^N/2, N/4, ■ ■ 

• lz»JS Lfc, «iriS0>«« 7— U xXft|s]B£J3iJ3&llX 

BN/2, N/4, ■ ■ - (Df- £rt<A^"C£*:<>: LT 

[0 0 17] ^f£9^l4±lB^*<7)^^(cffi^ s A^r- 
^S»N|Z»LTv N/4, - 

i**LTt», SS7~Ui^m^0»*S«t 

[OOI 8] 

[RHS#»-r HI. B2lt *$£0J3CD 
RlRMl>fey % 121(a) I*-?— *A*(D«2i:*3i* 
U IH1 (b) (4. **M<Da*BII»a)*fiE«**L. H 
2(d). (c2) 14. /<XffiSa>«**«L. 
02(d) tt^-^at^RitBlBO-WftSLT^*. ± 

ftomm&itT&cDtm < cut LfcH7-y zkikB 

[0 0 19] (1) ««-r4Jta^— yx|E» (FFT) 
iS«Nlco^Ts Mta^— yxRR«fir3HB-C*o 
T. ilHA^^-^^RNSN/R^flJ (RI4. S») 

l. R^nstifcAax-^jaitti/yTiwctt^fcR 

A^JCDir-^^. ^r-^&^leJS&Sia) t. l>fey«» 
Sfi[SP(2) ^, /^77-f»»»(3) ta^&«***ufc 
RX*(0J5jS7-'J xjE»(Z>at*lHlB(cA*L. iRA 
*0>M7-UiMfl)i*IIB* 1 «4 Lt, CCDS 



(4) 



4$!H¥6- 1 9 9 5 5 



£M<! (M= I og R N) U&llZllL^TM&y— 1 ) 

KA*-r--*jS»NI::*tLT* &BT»[*. N/R 

Kixfc^r— ^Pfl-C?. 2lS§T*li. N/R2 tofcf-^ 
Pp1T% 3«BT?I*. N/R3 tofcf-^F B 1t\ 

£*rl\ KlMay«a;1SS:Sfl(2) (i. RA*<Drta>R- 
1 «0Aai=»LTlMay«»£*»U »/W77-f 

^bK® ( K < M) Ji*-tZ>Zt\Z&^>T. ± 

KM?— 'JXJE» (FFT) jSBafttN/RK (Dig&? 

[0 0 2 0] (2) (1) ^(cfBtt<DRTXS3*7— yxfefft 

o)7-'jitas, x— *jaw»N<D7— "jxjtaiatt 
[0021] 0) (D *=B«a>WMM?— yxfc* 

/RK (RfiSR) |z«rofct*0)7-ux*»t % Ik 

[0 0 2 2] (4) (1) WzBtUDRrfcKS:?— 'Jxfcft 

om^m*., iMayftMsr. /<*77-f«itK«A 

-f/tttici:^ x— *jSW»^n/rK (R|*at 

[0 0 2 3] (5) (D aicB«©WM5a:>— yxfcjft 

amir, /^77-fIS*ff5Cirft<, 2fea>fitt=S!E 
U f-^^f^J/W/ULt, UfeyfflMt, 

sk**.. ofeyrakiii*, /<*75-f*«K«i s 
^-r^x-rsc^-e. x— ^^?ua^N/RK (Riis 
a) rcftofeJ:#a>7— yxgas, m^-^^^jaN 
<D ? - y xfcaBft-efr? ■* r> \zm$.-tz>o 



[0 0 2 4] (6) ±.U9— ZM^WTLm&n 1 1 LTs 
±BN/R»||Stlfr>'J7m*f-$i, R<I<7> 

ftAttftfflL^^y (#o,#2) 10,11 re. jlehss?— y 

X^jg (FFT) MN/ (R01/2) *-C«ttL/t 

ft. aycoM7-yiM (fft) mn/ (r<d 

1/2) ffi^RflOjfeAttSfettL^^Ey (#1.#3)12. 
13 l=«MAU K*«*4ifcK5S7— yx|t« (FF 
T) jS»NC:Ol*-C\ mO>jfeA*t*tt L^'J (#0) 1 

o oof- * say alt* Rm*a>— aroDta* 

(A) IzfflrtU te<D1 ^<D5feA*tftfciJL;*^ 

y(#D i2^6ioof-* SffiUttir, Rffi^ote 

JjOmii (B) dfcti^JU ttt^r. Hl<D5fcA*t5fctt3 L 
>^E'J(#2) 11 ^€)1O0)f-^^ymLt, Rtti^D 
<D— Jj&mt} (A) lefflau B*C te<DHS(D5fcA 

tL3taa l> *y (#3) 13 i o^)f- ***yujL 

Rtl3>ti0te^(7>fcb* (B) IzUa-rsctS, £S 
fcHyiKLT* Ka^-yxJgftfflazi&Rt-r*-?— 

[O O 2 5] 

a?— •jxtntfiaw, a**n/2W:» 
yrjuizat'tfc 2A^b^y> ^tafsco** 

Bl»35x6«:*»a7-yxKaBl»lcA*-r**3lc« 

[0 0 2 6] Z.Ot£s XJl-t&T—ZCDimitiiO)*? 
iC-TSA^ttffS-efeSo 01 (a) 0>«-ei±. A^J0)±fiiJ 

(a^da) cnnasg. Tffl (a^db) rc^ass^A 

[0 0 2 7] ^<Dt£At}£frtzi?—$&. 

[0 0 2 8]*|c, 01(b) fc^Lfc«(=i. A*B35^6 

A^aFttfcf-^ic r>tey«tt*»i+*«&R3b<ft*o 

[0 0 2 9] M^IC. ±« (A*A) ^^A^D^ttfcT 

-^t, ±iBufey^a*sntt>tifc7 r -^ < »:T?. eii 
(b) iz«Lfcfc-r#»ita»*ff3i&K*<fc*. c<7>fc 

[0030]ffiot, M2fl)7^iyXA^ 1S» 
So A***l4f — *Nf*2M CCDS* 

[00 3 1] ±jSOTr-^^T/^^IelSS 1lc(ife^%^. 
bttS^. CC-CIi. *<D— WfcL-C, 0iJx(S> JUT<D 



(5) 



1*88^6 - 1 9 9 5 5 



^Lt, Si (a) izfjk Istzir — $ if o LT?. 7-'Ji^ 

[0 0 3 2] C1<D«T?I4 % ^-^teUfflm^i: LT5feA 
L*^ 'J (RAM) (JSITF I FOtl^) SlOts 

02(d) 0><fc9ftEitt«ifi6*t* o zL&ism*. £-r# 

O. #2<7)F i Fo 10,1113. y'JT^^A^A, Bfr 
h>fn\&flz^r—$ U -£;ft-?*L<D F i Fo 10,11 

H»l= F F T jS»0) 1 /4 St? f-* U 
i«ftfiaN = i6©«^:lt 4 7*—*) *<MALfc 

<D*>. #K #3(0Fi Fo 12, 13C:. HflMzLT. K 
FFTM(D1/4^t- **«rtfrT*. Cttt^F 

i Fo 10 -is^tt-cftttSjhfcT*— Mt^ 
"jxKtR (fft) Aft n (=16) r:$Ll^ 

[0 0 3 3] #0WFi Fo 10 1 O-r— £ 

*»yfflLr. u*A^ay. ztitmm\z#i <df \ 
fo 12 fr6tf-*tio«yaiu ui*B^a6*. 

C*L3&<-Tt?i % #2. #3 CDF i Fo 11, 13j&*&t,RHS 

[0 0 3 4] ca>»fE£ % S5(cfT5Ci:ICct y£«£ 

£ 0 JUT. N = 1 6SI(*MtLT, *^0^(Oig51^- 

^b. ca>ii^. ^K^-^ft-qftTLfslK 1, lMay« 
ft^KSB 2, /^7^«f;Tt»ffl 3*>&«JS3*i***l§] 

[003 5] A* Sttfci/ U TJUt—* 14. 

±&^r—$&XSWz-\B\m IT*. /<5t77^JR**fr3IB 
±f3UcSK»a.&*u CMayMMMM 2T-. 

fcbfrtl&o JaT«l=2«. 3g<t«iILtL^ 

[0036] dc*-ef*. Motl7->jxtiM 

/4ta^LTt«isu3**fc«)<D*a*^'r D n = s 

£«W>Lfc*&l48 = 23 **(B3S(i3lS 
&*Uf<*:l*C£(r£:« 0 N = 8^N = 1 60)[H]Stffll 

2|S@lU|^T*fliSSfi : ^«<fcOC<t|C^^ 0 C<£M 
L"C t>. 3E»*»S:7 — yxSE»*t*T**C£*t*96BB 

0>ttft-cfc«. 

[0 0 3 7] H2(c1),(c2) I*. CO/W /<XffiS<Dlg 



■t#Ut*5U, N = 8 SN= 1 6(D\B\&X'!&WL<£ 5 

t^^o ceo j: a icft/s-r * z ±-c % mcgm?— yx 

7^— $jSftj5<NfrbN/2. N/4<hM'>LT4,. 

[0 0 3 8] X. -x— $ ^fc^lf x.Ie)£&£ Lt, ±15*^ 
0^05^— ^M^ff iLES&aJ {0 2(d) #H} tl4«*« 
«fiEa>ti©*fflt^-C*J:l^ X. *IMHa>lK83>— y x 

^exEKMBiffiJBU 2S§i^K(Cl4. JblHife^m^ 
Ox— $ tt'***. B»* ffiffi-T « * 5 L T * £ l\> 
[0 0 3 9] &m£*iZ>T-$3iL<<Wx-\£i& 

lllJ?07 ^ -$?lJ7^)<^#b4^•Cl^^li^ < !:*^, >jx£ 

»-e&^£-r<5J(IJ¥(D7 ? — *W»t)*ir^ftt^f 

N(07-'J x J6*H*"Cfr 5^t^T?§^ 0 
[O 0 4 0] 

*o 02(4. *«W0)IH31KWH-ca&y. 

03-06I4. jg«E«*^L/s=B|-eftoT. 

0 3(4. x— $ae^ft?i«T?a)SiBof f --$a>s5*i*^ 

U B4, 05(4. **L-F*L. N=1 6 f N/8 = 8<D 

*&a>7*-*O>aEJh,<0«*^U 0 6(4. /W/UM 
fl)— «**LTfcy. H7~H1 4(4. **8KD«hO)36 

^$-ff^i:^(D^-$<7>^S^L. 01 0(4. 0 9 

ic^LfcKiS^— yxKiftHB-e. iserc. 0 3iz^ 

SiSffi Ltzt^iDT— ZCOSLtliTszL* 0 1 1 ^0 1 4 
(4. JifBS^<DHffi#iJT*. go*N(0AV/UIISff5 
<b:^CD^-$<Dg!^*^LTfcy. 01 5-01 8(4. 
*ft4 0*^<D«J*«*^LTL*4. «-ia(3fc^r. T 

;u^t^^ ho>^^ft^(4-7 ? — $<©«#** ur fey. 

7^77^7 hJ&<«flsLT 1**0)14. S*lH3K-e(D^S 
(c«fc y 0)fc)ltf«ftLTl^ 3tSS LT^-Sc 

[004 1] **W(Cfel*ri*. ffiltSFFTM^ 
N-e*4K5S7— yxJE«*ff3@BT»fc-3T. A^)^ 
-^MNSN/R (flu R(4*ft) »§JL. tt^fl 

S *ifcA*f-^ MSi/ U 7;K:i><r, RAJjc&x 
-$3£-<^^lilK 1. iMaUftftiMtBllft 2. /<$^^ 
-f*lHaK 3A^6«:4K*ia»lcA*U ^»*Ih3£S$ 

1 St LT. C<7?a*M<l (M= logR N) E^lJ(zm 
-<T. U x*«*fr5J:3«=«l«U A^aJ5> 
A>bKS (K<M) */^-f/^A-r*C«t(Cj;^T. FF 



(6) 



#8^6-1 9 9 5 5 



T£S&a<N/R. N/R2 - - - Rta^StfetS 

*S-C&*. ft* £B£9LTI3i:tt#l*I^CttjMta« 

[0042] KIT, Hi, H2S#HBL«:A«&. H3- 
Ell 8|:^ot, *fl8IB0>KjS^— UxJE«@B(Dfl|flt 

II*. 02(d) Oefc^lC&oTl^o 

^<D®&T^ £&2 0«g(DF FTjMkN*2»«LT 
A* Lf- ^f-^0)S^*, 03l:<fcot 

[0 0 4 3] *3£^»;Ll*lfEl** El 2(d) TftK 

9JLfc£3l=* ^-T#0. #2(7>F i Fo 10,111::. 

tUDF i Fo 10 t 11jb<. ^B$CFFTM01/4*t* 
ir-$ (Ba7-'JltftMN=16fl)«§l:tt, 4 
*) *»«Lfc<D*. #1. #3<7>F i Fo 12,13 

h«iclt* SFFTMcoi/4$r*f-^^ 

*ft"f£o ^(Dk£F i Fo 10 -IS^ft-CftJttStl*? 

-**r*, s&s-c^^Kit^-'jxxai (fft) ar 

N(=16) l=*LL^«l=LT**. 

[0 O 4 4] #0(0FiFo 10 j6*£ 1 Oir— -$r 

Fo 12 *6tf-«108«|liU ffl*B^a* 0 
Cfu&t-Tt;*:. #2. #30>F i Fo 11, 13**& 

[0045] Cl<Dl&fE£. £Sfcfr5c£fz<fcy&^<h 

i> 0 ftot, 03|c^LfcJ:5rw. FFTf-^M 

0,1,2, -i5-c^-ri6iir*fcor. ^^—^^^2 
<7>^— ^-Cr&ofcir-^^t. ^1611(7}^— £ £ % @3I: 
^Lfccfc5(^ 16/2#*U *2h.«M>7— « 
K*S0>7—' ^H^CfeS ro, 2, 4. 6, 8, 10, 12, 14J (A* 
A) <t, ftiSSSO)-?— *Wefc* H, 3.5, 7,9,11, 13, 
15J (A*B) t-fZ> 0 
[0 0 4 6] Z<D2»«*#tfcx — *JSM. A*A, A 

tt^SfcxIslK l|-A2jf So CO***. lfT]i& CD 
#0. #2(7>FiFo 10. v'JT^AAAto, 
2. 4, 6, 8, 1 0, 1 2, 1 4) % A -h B (1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5) £ 
HflrfZ-r— $*AAU Hf*lfl)F i Fo #0, #1 10, 
11**, ^iZF FT£&<7)1 /4*T*7 r — $ (Bit^ — 
'JxjE8i/SSN=1 6(7>«&rcl*. m^0)cfc : 5IC4T r -- 
*) *»ttLfcO>*. #K #3CDF i Fo #1,#3 12, 
13IC. HttKLT. ISFFTMOI /4^-Cir-^^ 

[00 4 7] Z(0<t§F i F o 10 ~13±<*T?*fc*A£:fX 
Sf-^ait «MTC 'J Xfegl (FFT) 

«»N(=16) i=*LiMir=ft*. *rc. #ocof i fo 



#0 io*f6iof->t*yBit, m*A^ay. c 

*LfcHft|C#1 (^FiFo #1 12£i&t»7— 1 Olfc 

yffiU UrtB*vSS«5 0 c*i*<-f<t:<h. #2. #30F 

i Fo 11,13rt*&iia«G>«ft£fT5. 

[0048] ?fcgf££fr?C£l::J:y. 031c 

^Lf-<t9(c. ma a, thrtBici^ ro,8j ri,9j 

T2, 10J T3, 11J -CDSn*-?— 

I*. Hi FFTf-^MN=160)^ 

i asa>XJt-e<&KttEH8(=i6/2) (D^-Z&t 

[oo 4 9] mi (b) r* % itr^<z)j:5ic. #s§E<&iKa 
7-uxKjwa»o!)as*ia»*airtLrfcy. is**© 
s&c&^loa^— ^f^x.is]i§ ir% ->ut;kca*s 

*t-C<*A*T r — ^jS^ft^BUU M3fe-<^x.t)ttfc7 ? 

i>fey«»*i>tey«aft»iHi» 2-c**u *a> 

/<>7?-fi*i« 3T% ttlffey«fcflOJIl**#LTt^ 
ttl\A*A£* -hfer>^4x^!a*^§:$tLf=A^Bfr^ 
Lrfc-r*»i+at*tlt-rci:(cj:y % i££Eg|8CD^- 
$£ic*jlt. iKi<a:7-yx£»*<T*££c£icfc 

[0050] SSi (b) [c^Lfc. *f£^a>S* 

H)S§£* FFTf- *jSft*<N«<D»*f::l* % M=Log 2 
N(=16) =4©it^iJ|c3£-<T. HC«i31*ayiB-rci: 

ic*y. fijssizteixr. Hfj»a>»a7— y ztiM 

[005 1] FFT-r— ^rjjjftN (=1 6) IC 

^Jlc3fe-<T. SfJS7-yxKjft*fTofct £0)7*-* <D 

[0 0 5 2] H4(ZfcLNT. A^JAfilJO^— 
*x Ao,A2,A 4 , ~, A 14 fcU A^BfilJCD-x— * £<7> Jlj 
*s A1.A3.A5, ~,A 15 <t-T££:. ±Ef- Srat^SlxlHl 

TAo, As J rAi.Ag J TA2,AioJ ^ r A7, A15 J £t£ 

y. c<D3£-<«xbtifeir-^^j[-^Lr. i>tay;ts 

ZmLtz'ik. /<*7 5-f*»ia*(BUT) 3 -e. /^77 
-faW«S-rc£lc*y % E«8i:»t«M7-'Ji 
*»A«fT*)*ifcCi:l=tt«. 
[0 0 5 3] ZCDif—Zmt: TBo.Bs J rBi.Bg J 
l"B2,BioJ ~ TB7.B15J £-fZ>k+ CO^r—^^J^. 
O«0)»*lsll»(cA*-r«c:i:(c<fey. l2S@(?)f- 
^3t-<[nlSS 1-Cfi. ^*U(7)A^IX-^^JiJT*fe>5Ao,Ai ? 
A 2t -A15 (c^LT, E«40>7 ff — 4tW*aj*-r-5cfc 5 
[ciW-r£ 0 EP*». IU4(z2lSga)7 r -^3fe-<^^[E]SS 
(7>a3^*HS<b:. rB 0 .B 4 J rB 8 . B12J rBi.Bs J - 

n3ii,B,5 j taary, -tlHSB§t4orp1-r?. 7-ui» 

[0 0 5 4] C^^r-^^^iJIw^LT. t>tey>li»*lfi 
Lf=8L /<*7^-fa**JSTrcfcl=J:y. IS5g8l4(C 
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4 J rcs.c^j rci,c 5 j ~ rc l1t c 15 j tf^ti&o 

[0 0 5 5] BC, **[El£&$fi6fflLr. *S£B.S 

dc^S^^-U x£&£fr 5 y. 

T\ glOCDA^-x— ^^^Jr*fc^A 0 ,Ai,A2, ~A 15 
LT. Eflil (B^r — £j6*»J TDo.Di J ro 2 ,D3 J f D4*D 

5 J ^ rD l4 ,D 15 J £tb*j-r*>tf>T?. ^<D J r—$mizM 

Eo.E 1f E 2f -Ei 5 ■t?*Lfc»a7-'Jl«l»fl)|S*«f 

[0 0 5 6]^, ISSfCcfcoT. FFT-r— *j6ft 
tf. N=16->N = 8 dftofci^fl). *XHC:£&K3 

©SS (H1 (b) #83} «4«UW«l=tt«lLT**LTfi 
KFFTt-^jSM N/2 = 8»>Lfc^^ 

Kl «B<Dttfay3t*£, /^77<;HS(!:^^^ 
LT. 2«a<D»*0BlzA*t-*Ci:lzJ:y % FFT 
t—ZiSlSlA^ N/2 — 8 [Zfe-otzt £<DM&y— 'J X 

[0 0 5 7] KK3S7—'jxS6*iatt'ca) % ±BlMay 

fci:*. HI 6 (a) lz^Lfc«k5lc. ttUtey »31*aS 
(b) iZTftLtz&vlz^ ttl>feyflURS)Ett 2<z>3tg:^S 

[0 0 5 8]X S S6(a),(b) (^SttTl^cfc?^ 
^^-f/H^SU 3C0^;U^^U^+f-(MUX) 30,31 (Cfc 

[0 0 5 9] I3 5I1 "X— ^^^N = 8CD±i^T*CD. # 
*jSM<D«^ rA0.A1.-A7j <!: ra 0 .a lf —a7J . ~*<A 

TAo.ao J rA 1( ai J ~ ^7,37 J *><tij *J £*l,&o CCD 

3fc^»;ittiai=»L"t\ KilKBacriayfltJKJ:, A* 

[0 0 6 0] ^(D&T:(D^—$ afe^&X.Sfl ITOf-^ 

at^aasat,. isii±<ni:i:ftfflt«o-e, 0 

r Ao,A4 J Tao, a4 J — ^3, a7 J t.t£ho 



[0061] c^at^tRK-S^ifc^— ^i:«Lt, Kf& 

3«B0)Hi:»*iai»(cA***l-&. COcfc^l^L 
T. «»®0)Sai^- l JxSSI**ifc J r— ±IH 
N = 8 0>T— S« j£*)J<D£BS(Cigii7 — U X^fe^tlfcT 

[OO 6 2] MSI^ ^— ^^^N = 4C0if^lZOLNX 

i*. i40)is@, 2«aoufayai* f /<*^^-f* 

T\ K»2<DT;U^yXA£J!ll*fc*S\ /W/toM 
£fr5 ^ i l: cfc o t A* * *i*f-$ £ft N 

■e. IE5t«:K3S^-Ux^ft«i31A«tTX.SCi:S^L 

[OO 6 3] ZllZ^ 07-01 4lC«fcot, **IJ3(Dte 
a)Sltfll:oi\tRMt4. 0 7, B8lt 0 3T?M 

C)JI^*5l>X(*. jfe-T. 7 r — *&9L A* A, A*B*& 
# 1 (O F i F o 40. # O (D F i F o 41 IC. ir — £ £ % 

mz>—*)3L&m~&wtT?zmm (*niR?b 

tf. SgSf2) 3SIBllS-fr*. {07(a)#Jl} C*ta5«* 
fci:. #1(DF i Fo 40 fr&Ett LfcJIHf::-?— £ *tH 
AAlzfflAU A^A^e^—^^U^U^+KM 
UX2) 43 ^iiLTtU^BfCfcij^-f £ e Ctlilf^^fw. # 
OOF i Fo 41 [CSBIf LfclT— ^U^^U^* 
(MUX 1) 42 $ILT#10)F i Fo 40 A2lB 
S&^&O-?— ^?#O(0F i Fo41 (ZfBH-r^o {07 
(b) fit, # 1 CDF i F o 40 ^bA^]A0f 

— £ *BJ* L»*>Si:. #Ofl)F i Fo 41 i^6A** 
tifc'r— ^S-ai^AlzfU* U #0<DF i Fo 41 
CO^r — ^^■7;U5 1 ^U^-^(MUX2) 43 *flLTt±i^B(Z 
tti^-T^o ( ffl8(c),(d)#i) fcU^ck^KLTifc^ 

[0 0 6 4] COffi^SxlHliSB/ctt^ffifflLfcafe^S 

f-^fi»N=i6tft^t\ 1 SB-e©iEHli*8-e 
fc*utf«feL^. J^T^^Iw. 2aa-e<DE«l4 4 < k3B:y. 
3lKB a ea)mtt2^fty % 4SgT?0)^Btl4l irft 
4o ffiot, K3fe^S^.lHlK2T*<DF i FoO^*l4. 
l«SA^6JIRI=. 8 r 4 f 2 f l,h?5:^>o 
[0065] ZL0)t2(D 1 ^@A>^>4|gg^r*CD7 f — ^ 

a*ai tA*Bi ui4. «gf#aya>a3**<#6 
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OBCDlKD^— (^Aj X^T) A*B! 
|C|*2Og(Dffl0>«T-$*IJ C'jN^a T'TFf ) $A^)-T 

[0 0 6 6] 2&E)Zim*. M'XmWLn&Ji^r-Zm* 

Wbti^ciii Ei^£;h,Ti^<tfcy-efc£o «sl 

[00 6 7] fCT\ S4fC^:Lfc<td(C. A±J^-£ 
titz\Ji'T—$ ffl^vU TJUcifc"**: 2 AJjCDf—ti 

[OO68]01Olt tt^*ic.lil»A«iSgr=ffi 
fflU 2SiI2lBI*. ±Eat^<»x.lHl»BSfl6ffl-r*c 
£T*. ^SN = 1 60)ii^CD7— U X3£&#T?# 

l^TI*. -tft-Ftu EI3£, El 7, !2l8(c^Lfc3£-<§ 

[0 0 6 9] gi10[^Lfcgii7~'jXt« 
iHj&fCfclVT*,, ir — $£gtf><N/2, N / 4 , ~C:>S: 

ofc<h£T**,. /W^XteS^fr^Ctfc^oT. 1*r& 
C0U 5 -CRM L fc £ Hit 0> »J x^jfe**-? £ £ C £ * 

[0 0 7 0] ^SrjSJftj&tJB^LTtu iEt<^- , ;x 

N=1 6<&<t#. Hl^WtI, ^UMSS, 
[00 7 1 ] ^-££&N= 8 (Dil^df*. **l«X* 

[0 0 7 2] 1 ) ft^WZm&BOft-Zm&LZtlX^Z 
S§ : C(DS6tt, HI1 1 dTFLfc^fc. 1 Sit 

[0073] ca>/W/*x:£&i ic^y. sEKaafe^s 



[0074] 2) t^fx.[s]BAi:, ft^giLSS&B^ 

: 

(1) 1&gCDF i FoO^^ ^-^^»N = 1 6(7) 

S^^^o Hi 2lc^LtcJ: : 5^s cc7)i§^ i 
*tcD2*&<D-r— SjSflJIco^T. 

[0 0 7 5] ^<D<k5t£. "T—* (D&^W 

^2-eii. Eli 2(c^Lfe^5lc. i^@li. Sfc^if 
*0><*£fToT. t>*ay«»**, /^77^;1S^ 

^x-r*a<. 2«aia*T?tt. ii^oafc^ff*, u*a 

8 (7) 31 7 — ' J X m £ £ ft O & <D X & Z> o 
[O 0 7 6] (2) F o(D3E2£. 

ClCDa^ Ell 3|C^$^^TU^^ € fc5^C. 1 ^|OF i 

Lt, )UTCD2 0CD^IC^rtt>H^o 
[00 7 7] *<DA : 1 ^@ X&Wt tS *l$>t&tfX$X 
l*Z><DX. t>fey«a*«, 2 

UfeyflUMR*, /^^^^^S^fTac^T?, x 
^^JN = 8 0)-m&7— "J x^jfe^fr 5 1 0>T*fc£o 

d<7>/NV/<X^^/\Vy^X^3 <bn?.s; e 131 3(i. 

CCD/ W/*X:fr$£ 3 IC <fc ^>ii^(7>#IST*(7)^— $ (DSUt 

[0 0 7 8] ^(7)2 : 1 Slt^Ii: Wt^t 

i>*>*<. sisgT-fi. u^yffBfliiFp A*77-<a 

T*fc^o CCD/^-T/^X^$'/W^X*>i4<t^S: o El 
[0 O 7 9] fcLtCDEH 1 -Ell 4-C5|ftKLfc/^/<X 

£C<hT% ^f— »ANRyN/R (RttXtt) l^ftofc 

i » ©7- 'J tf-> 4J«N©7-'J xtttB 

S&XftOo 

[0 0 8 0] :fc4fi, flTlfi, 1SI 
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oft'*!!*, ufayffM*, /^^7^ilISff5c 

[OO 8 1 ] /^/USS3 : ^— ^^^IJS&NO^— U 
[0 0 8 2] /«/USS4 : T~-$&fmN(D7—iJ 

x^ftisiBizfcixT. «a.fi. 1SIT?, 

/R (Rf*S») lztz^tct£<DWimz?-*)3L&t&&^ 
[0 0 8 3] c<7>ctdic teo^— frafc^SxIalR (ft 
**wo>afe-<»AiBi»A*«fflL. 2Sgm^i-fi. aii 

= 8<&»*i* % t—$0$l<<Wz-, ttfayflHMMt, 
^77^SIS, M^St 3 Sfr 9 ^ 3 £ c <hr 
*C% T-$&?m&N/R (Rl**») \Zt < £<otzk$<D 

ii$7-'jx^*, a^— *jS*a»No>:7--ux3Est 

[0 0 8 4] *|C. S» 4 (Dif WKlCLT. ft 

U X^J£(D#lStf frit £ - £ Hjl 5-gll 8 

lector, gPtMcia^-r&o bi sit. m$H4<Dm^ 
co. Kia^-yxjE«a>**at*a)«^**Lfc4.o!)-c 
si 5icfci>r. W1.w2.~1*. «rao)i>toy« 

[0 0 8 5] »»4a>a^a>KiS^— yx«si(D7;u=f 

■JXAf*. FFT^»A<4<0'<^^*^fzLT*>y. 
1 E!(D»*ai»-eF FTjiSftO>5*4jSi»*1 @0)»* 
;H®^^S-r^>^c0T% £fil]<&S§(SSI*N/4-3ogt 
*lfctl4f? LT*« N/16, N/6 4- ■ 4£fl!Sj&<-r 

C7?x(0),x(1),x(2), x(3)liFFT^A*f-^t^ 

y. x(o),x(D.x(2) ( x(3) iitb**a-r. 

[0 0 8 6] Lfc^ot, S*@E&«/£l*ig 1 6 0><fc5 



IC«P4o "C(D**|aI»SMfl (M=Log 4 N) MMXz 

^t>i±^> c <h t?^» 4 ©jsa?— y x«*3b<ff a*. 

N = 6 4(O^£||tt0y<hLTl&BjlT£o 6 4 = 43 T* 
**A>6. **(El»li3 0T*c*:l^o CCD^Ii. S»2 

ofayffik*** »*aw**fHv 3©g 
* coattt*n i 7 ic5K-r 0 (mn&KHi±«K-r 

£o ) 

N = 1 6 tfcro i6=42-efc£AN 

»*isiBi*2afc*ir«j:^. z corns mwL2t 
=>zk\z*ij % iEa[«:)ti«7-yx|K»ttjR^»6*t 

[0 0 8 7] Ell 8 1*. ^»4(Di§-£0. ^36^81 

LfcIB2©*SiHi:T?*4. fiP*>. £lT#0~#3 
£>F i Fo 10,-131::. ->'J T;U*A*A-D^t>f5l^ 
Iw^r— ££A:fcU ttl^tUDF i Fo 10,— 13#. ^ 
^FFTM0)1/4ftf-^ (Sa7-'JXS» 

#4~#7, #8-#11, #12-#15(DFiFo 
14,-115 IC. K«|ZL-C, ^F FT^acOl /4^T* 
TT— ^*ft^-T^>o C<7><b#F i Fo 10-115 ±#T* 

(FFT) £»N(=64) |:i*LlM*|::LTft* 0 

[O 0 8 8] 3fc|=„ #0(DF i F o 10 1 Of-^ 

swytbur. m^A-s^y, z*ikmm\z#4o>F i 
fo 14 t^— i o^y ta u aj^jB^in^o 

L^CflO»f^Sj|iyjBL-C. #8<7>F i Fo 18. #1 2 
CDFiFo 112^^7^— ££1 O^y tllfC, -ttt-P 

[0 0 8 9] C*lA<-rt?t. # 1 ~# 13fl)FiFo 1 
1,-113 «*&*H«fl>*fr*fr3. CODHfle*. 

f^^T a c <t iw j: y &w t -r ^ t 1 - ^ co«§(^ * i> cfc a icat 

, [0090] ft. 1211 8(CfcUNT. #0, #4, #1, 
#5 IS 3 fz^ L/cS^ 2 (Dm£(D^—$ ^^'J 

(c^-r-s^— ^afe^BR* iicttjfc-r&o *»»4fl>i 

^0-r-^^-<[e]^l^ Sia3<DlHl^*^fc. S»4 
klzt£Z> 0 

[0091] Jil±0) J: *5 I- LT. S»4 T? t A^J £*i*> 

fft ^a^s^> lt * jEWttwa^— y xwftjra** 

FFT ft»3WNT»*4Ki« ^— "J xfclfctff 5 HR-C* 
oT, A*f-^MN$N/R (fiU Riisa) 

l. tt»«iaFttfcA*-r— *j*»t*>yr;Mzak^<r. 
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^ &ft4**BBic a* u ss^m 

»$1 Sit LT. Z(7)I5$M^1 (M= I og R N) It^lJ 

04*4* 6 KS (K<M) SyW/Ut^ltCcfcot, 
F F TjS8fc#N/R s N/R2 - . - RtM'Ptittzt 

[O O 9 2] 

KiS^— UX«»BIJ»Ii % ffilt*FFTS»^NT?fc 
»NSN/R (fflU RltiR) U K»«l**LfcA* 

3fr&tt«£*EUBM::A;bU S^;fc[e]K£ 1 L 

t\ c^s^Mi (m= i o gR n) louica^-tr* x 

(K<M) S/W^^X-T^ZirlC^oT. FFTjSS^ 
N/R. N/R2 - - - RfcX^St!-*:*:**. RCB 
FFT£3S&rt<N/RK ©m^- Ui^MI 

^T5lH]ffiT% i?— $a>A2l»rt<N/2. N/4. • - ■ 

2&Xd>Ln*oTtu s*»2(7)r/u=ryXA(7)ii[^ 
*— <o/\— K^xT-eRSA^RTtttfty, 

CHI] *«H0>iSfaiR9;H (*t7)i) 



[■2r*«na>K«RHB (^2) 

[H3] *«W0>-SlS«£3FLf::ia (*(D1) 
[04] **SH<D-SS»«*3KLfcH (*0)2) 
[0 5] **Ma>-SIJ6«*^LfcH (*CD3) 
186] **W0)-*J6«**LfcBI (^(D4) 
[07] *%KG>4b05gffiffl£^LfcH (ffl)D 
[0 8] **K<Dift<D*tt«S3FLfcH (f(D2) 
[0 9] **W<DteOS8»«*^LfcH <*fl>3) 

[01 o] ^BM<Dj&(Dmmm^Ltzm (f04) 

[01 1] *«raattOHRM«*LfcB (*G>5) 

[012] *^B^O>fteCDllJ£^J$^Lfe0 (f©6) 

[013] *^<J)te<D^#J£^Lfc0 (^0>7) 

[014] *^B^(7>fibCDllJS«^^Lfe0 (^CD8) 

[01 5] *^<Z)3ia4a)||JS0IJS^Lfc0 (^CD 
1 ) 

II 6] *3£BJCDS&4<7)il&0iJ£^Lfc0 (^tf) 

[017] *$ZWC»g>$L4<DmMm$:7f:Ltzm (*<D 
3) 

[018] *f£w<D&%k4<Dmmm$7KLtzm (*o> 
4) 

[019] «6*<Z)KjS7— y xSE»EBSKwr*B 

2 i>fey«ass:gp f ofeijBMjrHK 

10-115 5fcA*L$fcmL[gJS&(FiFo #1-) 
21 ^;u^^U^it(MUX) 

3 /^^-fSMMBCBUX)./** ^^-f at»SB- 
30, 31 ^ u £ -y- (MUX) 

40,41 5feAH5fetb LlH3K(FiFo #1,#0) 
42.43 ^;U^^L/^7-y-(MUX 1,2) 
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AAA 
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FiFo gQ 
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FiFo tf3| 



U{TT 
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L hfiFq TT| 
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[H18] 
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(a) 



i 1 — I titflA 
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